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Abstract
Whole-Farm Phosphorus Management in West Virginia Beef Cattle
Operations
Justin Brackenrich
Demand for animal proteins is increasing worldwide, spurring an increase in forage based
agricultural production. Forage based agriculture utilizes grass and legume crops from areas
which are not suited for row-crop production to feed ruminant animals. These systems provide
increased animal proteins to consumer markets, while using minimal amounts of cereal crops
that would otherwise be used for human consumption. However, forage based agriculture does
not come without a risk of environmental degradation. The US EPA determined that agriculture
nonpoint source (NPS) pollution is among the top three causes of phosphorus (P) related surface
water impairment and accounts for an estimated 38% of land degradation worldwide. A lack of
conservation planning is the largest cause of P impairment. In an effort to improve operation
management, USDA NRCS is providing cost assistance for comprehensive nutrient management
plans (CNMP), heavy use area protection (HUAP), and waste storage facilities (WSF). During
the initial planning process for all of these practices, assumptions are made for manure P
concentration based on engineering book values, which were been reported to have errors from
20 to 100% of analysis values. Current categorizations are based either on herd size or gross
farm profit rather than distinguishing management characteristics. A new categorization system
has been developed using dry-lot feeding as the distinguishing characteristic. Twelve cow-calf
operations in West Virginia, with 16 different WSFs, collectively, were sampled. Four of the 12
operations did not dry-lot feed and were considered to be basic operations; all others were
considered complex. To determine if these categories were different, a nutrient mass balance
(NMB) was calculated for five of the operations. Basic operations (n=3) had a mean phosphorus
use efficiency of 0.02 kg P/kg animal produced, while complex operations (n=2) had a mean use
efficiency of 0.11 kg P/ kg animal produced. Based on this new categorization system, manure P
book value and manure P analysis were compared. For basic operations (n=4) mean book value
manure P concentration was 0.74 kg P/MT, was statistically different (p <0.01) than the actual
mean analysis of 1.19 kg P/MT, a difference of 61%. Complex operations (n=12) mean book
value P concentration was 0.78 kg P/MT, also different from the actual mean analysis (p <0.01)
of 1.95 kg P/MT, a difference of 145%. It is suggested that future HUAP and WSF structures be
sized based on the proposed categorization method and resulted manure P concentrations.
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Chapter 1
Introduction
Demand for agricultural production has increased globally, while available agricultural
land has decreased because of an increasing world population, urban sprawl, and land
degradation. World land data estimates from 1960 to 2012, indicate that arable land was reduced
by 54%, or 0.27 hectares per capita, while agricultural production continued to meet consumer
demand (Pimentel and Wilson, 2004). Maintained production was achieved through higher
inputs like nutrients, water, and pesticides; increased breeding efforts; and “Green Revolution”
technologies (Tilman et al., 2002).
Global agricultural production is concentrated in four areas, the United States, Brazil, the
European Union, and China (CME Group, 2010). High levels of production in these areas has
also led to some of the most drastically impaired waters in the world (Carpenter et al., 1998).
Sixty percent of the urban ground water in China was determined to be non-potable, which is
attributed in large part to agricultural pollution (Jin and Young, 2001). China’s agricultural
15

production has increased in the last decades, increasing its contribution to pollution (Jin and
Young, 2001). The increase in agriculturally related pollution is a consiquesce of China being
among the top ten nations in the use of commercial fertilizer and livestock manure (Jin and
Young, 2001; Li et al., 2015). As commercial fertilizer prices increase, animal manures can be a
cost effective way to maintain high crop productivity (Sharpley et al., 2006). As a byproduct of
animal production operations, manure has value as a nutrient source. According to Eghball and
Power (1994), phosphorus (P) in beef manure in the United States was worth $180 million when
compared to the price commercial P.
Some estimates predict that by 2050 animal production will double on a global scale,
while land area involved in animal production will decrease (Capper et al., 2013). Currently 30%
of the Earth’s surface is directly or indirectly linked to the production of animal proteins (Ilea,
2009). Confined animal feeding operations are used to concentrate animals in a centralized
location, allowing for increased production and decreased shipping costs of both feeds and meat
products (Owens, 2014). Because of this influx, animal agricultural production is among the top
three largest contributors to environmental issues, making sustainability of animal production
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questionable (Ilea, 2009).
1

Agricultural sustainability is defined as the ability for a system to use practices which
allow for the current and future demands to be met, while minimizing degradation to land,
ecosystems, and the environment (Tilman et. al., 2002). Another view of sustainability is that
production for this generation will not hinder production for the next (Chaudhry, 2008).
Phosphorus sustainability is especially difficult due to its importance in plant and animal
development, and its environmental risk and mobility through water (Sharpley et. al., 2006).
Phosphorus is one of 16 essential elements required by plants for growth and
development. Phosphorous is used in a variety of roles within plants including as a component of
nucleic acids, which regulate protein synthesis, cellular division, development of new tissue,
winter hardiness, and root tillering (Vance et al., 2003). A large portion of the soil P is
unavailable to plants; soil P can be up to 2,000x higher than plant tissue P, making availability a
determining factor for plant growth (Vance et al., 2003; Shenoy and Kalagudi, 2005).
Phosphorus is applied to most agricultural land on a yearly basis, steadily increasing
concentrations in soils (Vance et al., 2003). Twenty percent or less of soil bound and applied P is
45

removed over periods of vegetative growth and removal. Residual P forms surface complexes
with soil minerals and secondary P minerals that result in “P loaded soils” (Vance et al., 2003).
Processes of wind and water erosion increase the probability of P loaded soils reaching surface
or ground water as a result of seedbed preparation or weed control, over grazing during periods
of high water tables and rain, or misapplied manures due to inaccurate recommendations.
Forage Based Animal Production
Forage-based animal agriculture has the potential to meet the increased demand for
animal products because it can be profitable on land that is not suitable for row-crop production.
Forage based systems utilize animals as a means of harvest and provide a predominantly
perennial grass diet to ruminants (Capper et al., 2013). Production of animals can be done with
little or no cereal grains, which could be used by humans directly (Chaudhry, 2008). Properly
managed forage based systems can increase production and profitability with few negative
environmental impacts, while utilizing areas which would not otherwise provide a direct food
source for humans (Capper et al., 2013). In 2012, an estimated 26% of the world was covered by
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grasslands, which is a 2% increase from 2009 (Capper et al., 2013; USDA Census of
Agriculture. 2012). By grazing ruminant animals, forages can be collected and utilized with a
2

lower environmental impact that would be associated with tillage, planting, and removal of row
crops (Capper et al., 2013). Under proper management of pasture rotation, pasture reseeding, and
soil fertility practices, pasture lands can be considered the most cost effective and sustainable
systems in animal agriculture (Chaudhry, 2008). By developing pastures which are weed free,
productive, adaptable, and biologically diverse, not only can a cleaner environment can be
achieved but also a better meat product (Chaudhry, 2008).
Appalachia is a prime area to benefit from increased demand for beef. The hill lands of
Appalachia in WV and VA have an estimated 1.7 million acres of pasture (Scagia et al., 2008).
This temperate zone can produce grass in pasture almost 12 months of the year when properly
managed with cool-season grasses and legumes (Scagia et al., 2008). Scagia et al. (2008) found
that with the proper management of forage and pasture, stockpiling of grass into the winter can
reduce mechanical practices. Rotational grazing and paddock systems in the Shenandoah Valley
of VA were studied for their effect on animal production (Scagia et al., 2008). They determined
75

that cows could maintain body weight, soundness, and found no reduction in pregnancy percent.
Production on these systems can be profitable, however it does come with risk when proper
recommendations are not made.
Environmental Degradation and Risk Associated with Forage Based Production
Environmental and sustainability concerns of overutilization of pasture and improper
feeding strategies, among others, are also associated with forage based animal agriculture.
Overutilization of pastures is a worldwide problem, causing an estimated 35.8% of total
agricultural degradation (Radácsi, 2005). Nonpoint source (NPS) pollution is another
consequence of mismanaged forage-based systems. It is defined by the presence of a pollutant to
a water source without specific outlet or drain (US EPA, 2011). Phosphorus runoff has a direct
link to surface water impairment, and eutrophication of some of the world’s largest watersheds
and drainage basins (Ulén et al., 2007). Current water P pollution levels may have already
surpassed sustainable limits, with a projected rise of 40 million metric tons of agriculturally
applied P in the next 35 years (Ulén et al., 2007). The most recent data from the EPA suggests
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that agriculture is currently contributing to impairment of over 227,000 km-1 of rivers and
streams, an increase from the previous assessment and publications (US EPA, 2011).

3

Overutilization occurs most often when animal stocking rates exceed vegetative
production rates (Radácsi, 2005). Overutilization has negative effects on vegetative properties, as
well as soil physical properties (Radácsi, 2005). It has been suggested that over-utilizing forages
during the production period effects plant growth three times more than when during the dormant
period, resulting in key species reduction, decreased plant density and diversity, all of which are
essential to productive pastures and sustainability (Radácsi, 2005). Soil physical properties can
also be effected by overutilization, contributing to runoff, compaction, and soil erosion. As
livestock continue to apply pressure to soils that lack vegetative cover, high bulk density and low
structural stability become prevalent (Radácsi, 2005). These properties effect water infiltration
and surface runoff, which directly affect erosion rates (Radácsi, 2005).
A study conducted in the European Union found that from the 1930s to the 1990s, soil P
concentrations rose due to increased livestock densities and commercial fertilizer use (Ulén et
al., 2007). The study found that areas with intensive livestock systems in Norway and the UK
105

were receiving a surplus of 20 kg /ha /year soil P (Ulén et al., 2007). Norway is still increasing
soil surplus P, while the UK is currently in a decline (Ulén et al., 2007). This decline is due to
more intensive cropping with higher yields, which removes more soil P and regulations on
stocking density, manure application rate and timing, and fertilization practices being based on
soil test P (Ulén et al., 2007). They concluded that in forage based systems stocking density was
the second largest cause of unsustainable farming (Ulén et al., 2007)
Another type of NPS is concentrated animal feeding operations. In West Virginia
concentrated animal feeding occurs most often as winter feeding of livestock. Winter feeding of
livestock also risks degradation and threatens sustainability in forage based systems. During
periods of low pasture production, dried grass hay, and grass silage are a typical feed source for
ruminant animals (NADIS, 2013). Hay can be fed in the field to livestock either in a ring feeder,
a wagon feeder, or rolling large round bales down long sloping areas. When outside feeding of
hay occurs under mismanaged conditions concentrated animals and wet ground result in a large
amount of mud mixed with feces and urine (NADIS, 2013). Not only can this cause production
losses and animal mortality, but it creates an area with high environmental risk (NADIS, 2013).
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As livestock continue to concentrate, surface vegetation is removed and destroyed, compaction
and mixing of soil horizons, and localized nutrient rich “hot spots” occur (NADIS, 2013).

4

Continued periods of excessive moisture will cause nutrient rich effluent to flow from these sites
as surface water or leach downward as ground water (NADIS, 2013).
Decreasing Environmental Risk and Increasing Sustainability
It is accepted that the leading cause of agriculture NPS nutrient losses is the lack of
conservation planning on agricultural land (US EPA, 2011). Decreasing NPS and degradation
associated with farming by focusing on resource concerns is a primary objective of USDA
NRCS. The goals are to: reduce soil loss, solve problems with soil, water, air, and agricultural
waste; reduce issues associated with increased surface flow or drought; and assisting in
facilitating changes to help the land (USDA NRCS, 2012b). A major focus is the implementation
of best management practices (BMPs). Best management practices are any practice applied to a
farm to reduce and limit environmental risk (Sharpley et al., 2006). Single BMPs rarely make a
large enough difference to reduce environmental degradation; therefore, BMPs are often applied
135

in groups which have similar benefits and function together (Sharpley et al., 2006). Important
BMPs for forage based livestock producers are conservation planning, heavy use area protection,
waste storage facilities, and feed management.
When implementing BMPs, they are often established in order from the broadest,
blanketing practices, narrowing in focus to more management intensive practices. The first BMP
implemented is typically conservation planning, which is a record of decisions and information
used to manage land, meeting the criteria to reduce one or more resource concerns (USDA
NRCS, 2013). One primary type of conservation planning is a Comprehensive Nutrient
Management Plan (CNMP) (USDA NRCS, 2013). Comprehensive nutrient management plans
are currently serving a dual purpose, conservation plans unique to a specific animal livestock
operation and as a pre-development tool for waste management facilities (USDA NRCS, 2013).
They address the primary components of agricultural NPS pollution: type, timing, and rate of
fertilization; estimated volume of stored animal manure; and soil erosion (EPA, 2011).
The first purpose of animal waste management and record of decisions is designed to use
farm specific strategies, animal and crop production goals, and agronomic data to develop a
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long-term plan for nutrient applications (USDA NRCS, 2013; EPA, 2011). When these plans are
implemented they result in reduced environmental impact. Applications of nutrients are planned
based on removal and needs of crops, and soil test levels for P. If a nutrient application is not
5

needed, manure is applied elsewhere on the farm, saving money and nutrients. Historically
collected manure has been applied with little or no testing and on the field with shortest travel
time from the storage facility (Eigenberg et al., 1998). Generally, beef manure is not considered
to have enough nutrient value to export, or to move to longer distances from the WSF (Eigenberg
et al., 1998). Since manure contains forage based pass through P and pass through P from grain
or other supplements, manure can range from 4:1 to 5:1 N to P ratio, resulting in a surplus of soil
P when applied to meet crop nitrogen need (Eigenberg et al., 1998). This means that if beef
manure is applied at a crop recommended nitrogen rate, P is being applied at a rate four to five
times larger than is necessary. By implementing a CNMP that requires routine collection and
testing of soil and manure samples, in combination with a refined feed management program,
surplus P imports can be limited, thus reducing excess soil P concentrations and the associated
water quality issues.
165

Comprehensive nutrient management plans are created using computer-based programs
to eliminate human error, automate mathematical calculations, and allow the user to see the
impact of management changes immediately (Purdue Research Foundation, 2010). Manure
Management Planner, or MMP, is a Windows-based system which incorporates farm and state
specific data to make accurate plans which can be easily updated throughout time (Hess, 2010).
Manure Management Planner incorporates GIS mapping of fields, surface waters, sensitive
features, and other desired shapes which are used in record keeping, P Indices, and Revised
Universal Soil Loss Equation 2 (RUSLE2) assessments (Purdue Research Foundation, 2010).
Revised Universal Soil Loss Equation 2 RUSLE2 is an erosion model which predicts rill and
inter-rill erosion (Dabney et al., 2011). It uses slope, soil, vegetative cover, mechanical
operations, and other Best Management Practices (BMPs) to estimate erosion over a cropping
period (Dabney et al., 2011). In accordance with individual state NRCS 590 standards, manure
setback distances can also be applied to maps. Manure Management Planner incorporates
RUSLE2 soil loss predictions, and state specific P indices for environmental risk assessment
(Purdue Research Foundation, 2010). Once mapping and RUSLE2 predictions are developed,
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data is imported to MMP where tabs and fillable cells are used to input farm data. Soil test
results are a component to the WV P indices and also generate crop nutrient recommendations.
Crop nutrients recommendations are then used along with manure analysis to calculate manure
application and commercial fertilizer rates (Purdue Research Foundation, 2010). Other
6

components of a CNMP include crop rotations, infield assessments of surface water, slope,
conservation practices, and available equipment used for manure applications, livestock groups,
and manure collection (Purdue Research Foundation, 2010).
The second purpose is to ensure that once manure is captured in a Heavy Use Area
Protection (HUAP) and associated Waste Storage Facility (WSF) it can be recycled appropriately
to the available land area. These structures have two objectives: to provide a stable surface for
producers to feed livestock and to improve and protect water quality (USDA NRCS, 2015). A
HUAP is designed with a WSF which is built simultaneously and used for containing manure
until a period suitable for land applications (USDA NRCS, 2012a). Together these two structures
allow manure to be collected and applied to more efficiently recycle farm nutrients. USDANRCS is currently designing and providing cost assistance for HUAPs, WSFs, and CNMPs.
195

Heavy Use Area Protection in West Virginia are primarily roofed feeding pads designed to
accommodate a specific type and number of livestock based on engineering calculations from the
Agricultural Waste Management Field Handbook (USDA NRCS, 2015). The Agricultural Waste
Management Field Handbook (AWMFH) serves multiple uses in the planning and development
of these structures, one of which is to determine the total roofed area based on animal type,
animal weight, type of structure, and duration of confinement (USDA NRCS, 2015). Waste
Storage Facilities are sized using AWMFH calculations. Animal type, weight, and herd size are
used to calculate manure volume over the period of confinement (USDA NRCS, 2015).
Another technique in managing P and reducing environmental risk is whole farm nutrient
mass balance (NMB). Animal densities are increasing to provide to the increased need for animal
proteins, which can increase the amount of nutrients needed on the farm to continue productivity
(Eigenberg et al., 1998). By tracking whole farm NMB, the amount of imported P can be
compared to the amount of exported P to determine the net P remaining on the farm (Cale et al.,
2014; Van Almelo et al., 2016; Eigenberg et al., 1998). USDA NRCS is beginning to see the
value of these assessments for long range plans for dairy farms in New York state (Cela et al.,
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2014). Currently, the majority of work is being addressed toward the dairy industry because they
generate large amounts of manure and import large amount of feeds for milk production (Cela et
al., 2014).
Whole Farm NMB starts with a list of all imports which include hay, grain, minerals,
commercial fertilizers, etc. All import quantities must be known and have a tested P
7

concentration to calculate total imports (Cela et al., 2014). Exports are calculated in the same
way, but for exported products like crops, milk, animals, or manures (Figure 1) (Cornell
University Cooperative Extension, 2014). Once imports and exports are identified, P is expressed
on a basis of animal production or by land use area (Cornell University Cooperative Extension,
2014). The next step is to determine a baseline so that changes in soil P over time can be
determined (Cela et al., 2014). Baselines can either be established for a specific farm to monitor
change over time, or on a regional basis to compare operations.
Ocenema et al. (2003) determined that from 1998 to 1999, 17.6 kg P/ha/year was
acceptable for sustainability for dairies. Farms with net P below this benchmark were able to
provide crops sufficient P for maximum potential without risk of increased soil P accumulations.
225

Continued research demonstrated that 8.8 kg P/ha was a more appropriate benchmark for dairy
farms in the Netherlands (Wright and Mallia, 2008). Cela et al. (2014) chose an initial bench
mark of 13 kg P/ha for New York dairies because 75% of the studied farms were currently
accumulating P at or below this mark. This benchmark was further supported by its similarity to
the Netherlands benchmark of 8.8 kg P/ha, and the European Union imposed limit on dairies in
Northern Ireland of 10 kg P/ha (Cela et al., 2014).

Figure 1.1. Components of a dairy farm nutrient mass balance. (Cornell University
Cooperative Extension, 2014)

8

Feed management has become a high priority BMP for many animal livestock operations.
Feed management is designed to supply animals with the nutrients needed for maintenance,
production, and performance, while reducing excess nutrients in animal manure by minimizing
over feeding (USDA NRCS, 2006). A major concern of animal production is manure nutrient
analysis and manure volume associated with over-feeding (Sharpley et al., 2006). NRCS ARS
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conducted research on the reduction of agricultural P pollution and strategies to reduce losses
through BMPs. One of the suggested methods of reduction was through regulation of P in
ruminant diets (Sharpley et al., 2006). Research suggested that a diet formulated to meet animal
requirements can reduce manure P concentration by 10 to 20% (Sharpley et al., 2006). Feeding P
above daily requirements added no growth potential and decreased profit as a result of increased
feeding costs (Sharpley et al., 2006). Based on relationships between daily P intake and manure
P, a reduction of 0.10% intake concentration resulted in a 30 to 35% smaller manure P (Sharpley
et al., 2006). When expressed in relation to land area and sustainability, the land area need to
recycle P is reduced from 1.2 area to 0.7 area, if total feed ration P concentration is reduced from
0.55% to 0.38% P (Sharpley et al., 2006). Applying manure from animals fed a ration containing
0.55% P to 0.7 ha, would result in an estimated 2 ppm per year increase of soil P (Sharpley et al.,
2006).
Another benefit of feeding management associated with HUAPs is feed use efficiency.
Feeding large round bales without a ring feeder can result in losses of between 12.3 and 43.0%,
while feeding within a ring of confined area reduces loss to 4.9 to 5.4% (Kallenbach, 2000). By
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reducing feed waste operations would need to feed less which in turn would allow them to export
hay decreasing net P in a NMB.

Providing More Accurate Recommendations
Improved on-farm P management begins with better, production-system based
recommendations. Currently farms in the US are categorized as large, medium, or small. These
groupings are based on either economic status or herd size. A study by the USDA National
Animal Health Monitoring System, NAHMS, defined small beef cow-calf farms as any farm
with less than 100 brood cows (APHIS, 2009), while the USDA’s Economic Research Service,
ERS, classifies a small farm by a gross cash farm income (GCFI) of less than $350,000 (Hoope
et al., 2016). West Virginia is made up of an estimated 93% to 97% small farms when
9

categorized by herd size, or GCFI, respectively (APHIS, 2009; Hoope et al., 2016). There may
be an opportunity to improve whole-farm P management to minimize the negative impacts of
off-farm P movement and increase sustainability and farm economics with a better classification
system.
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This study has the primary objective of determining if categorization based on either
dry-lot feeding, animal feed supplementation, or animal densities will provide more accurate
recommendations for P management on forage based animal production systems. Categories will
be determined by the characteristic of the sampled operations. After categories are determined,
NMB will be used to verify if operations are different. Secondary objectives are: make better
recommendations of manure P content and identify areas where future research can be conducted
to increase whole farm P management.

10
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Chapter 2: Summary Characteristics of West Virginia Beef Cattle farms with Heavy Use
Area Protection
Introduction
West Virginia is made up of an estimated 93% to 97% small farms when categorized by
herd size or gross cash farm income, respectively (APHIS, 2009; Hoope et al., 2016). These
methods of categorization are too broad to accurately categorize small herd beef cow production
systems. Distinct differences in manure handling practices and manure characteristics are present
with different management systems which influences application rate. In cases where farms do
not use confinement, cows and calves spend a majority of their time in pasture manure is
returned directly as a nutrient source. This will result in less manure and manure bound nutrients
in storage at the end of the winter period. If a farm uses confinement, manure volume and
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manure bound nutrients will be in a larger quantity. Confinement in this context refers to dry lot
feeding of livestock as part of a prescribed animal management process. Dry lot feeding is a
practice in which calves are fed supplements and grain to increase growth before sale. Dry lot
feeding encourages animals to eat from feed bunks and become accustomed to eating grain based
diets rather than hay and pasture.
Dry lot feeding of calves for enhanced growth and performance is a common
management practice for West Virginia beef cattle operations looking to improve calf crop
profitability. To stimulate growth, weaned calves are confined to a winter feeding area and fed a
nutrient dense, high protein diet of grain and mineral supplements. On many small operations
diets are not based on a feed management plan, but rather a desired weight, on a group basis, i.e.
45 kg for the herd per day. A feed management plan would adjust the feeding rate to the proper
amount of feed for a specific physiological stage of a specific group of animals. Without feeding
plans, concentrate feeds are based on animal weight but often do not change with animal growth.
Animals are allowed to leisure eat and results in a large amount of pass through P in the manure
because of over feeding. Over feeding not only causes an increased amount of manure bound P,
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but an increased volume of manure for later land application.
Imported manure such as confinement poultry litter used as a fertility amendment is a
common practice in grass based operations in WV and should be considered as a distinguishing
characteristic. In areas of WV where commercial poultry production is prevalent, large quantities
of P can quickly be imported. Often, poultry litter is used to meet cropping needs for nitrogen or
15

potassium but not P. This results in a large amount of residual P accumulating in pasture and hay
fields which have little to no removal throughout the cropping year. Litter is often inexpensive or
free in some areas of WV and is applied at a “disposal” rate of up to 85 kg P2O5/ ha. Farms can
also import commercial fertilizers, but due to the cost of commercial products, they are applied
at the recommended rate from a nutrient management plan or strategic soil sampling.
Animal stocking density should also be considered a distinguishing characteristic for
operations. Studies show that stocking densities have a relationship on the amount of imported P
within a system (Ulén et al., 2007). As livestock numbers increase, land area productivity must
also increase to support it. Animal manures or fertilizers for vegetative productivity and
increased grains and supplements for animal growth can increase productivity. If land area and
435

productivity does not increase, feed stuffs must be imported to continue production (Ulén et al.,
2007).

Objective
The objective of the study was to use survey data to categorize small beef cattle farms in
West Virginia based on management strategies.

Materials and Methods
This research was a component of a larger Cooperative Agreement between West
Virginia University, WVU-Extension Service and NRCS to develop CNMPs in WV. The
Cooperative Agreement placed up to six undergraduate summer interns in NRCS offices in WV
to assist with CNMP development. Prior to placement, interns received training from WVU
Faculty and Extension Specialists in: proper field sampling techniques for forage, soil, manure;
manipulation of basic data on Windows based software like MMP, RUSLE2, ArcMap; and
USDA NRCS requirements for CNMPs. Once in place, interns collected data for MMP
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development which included soil and manure samples, animal head number, type and
physiological maturity, manure type (liquid, semi-solid, etc.), generation estimates, storage
capacity, vegetation rotations, yield goals, and feed storage methods. The initial focus was on
farms that had or were seeking cost-sharing for roofed winter feeding structures. In accordance
with the HUAP 561 standard, all operating and planned facilities must have implemented a
CNMP that meets the 590 standard.
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USDA NRCS staff initiated contact with cooperating operations in areas where summer
interns had been placed. Farms were selected by NRCS staff based on their opinion of the
likelihood of cooperation with the study, reliability of data provided, and predetermined project
guidelines (Appendix A). NRCS selected farms were assessed by summer interns (Appendix B).
Summer interns organized collected data, and final eligibility was determined by a WVU
graduate student. If the farm was determined to be eligible, more data was collected using a
detailed list (Appendix C). This uniform method for collecting farm specific information was
used throughout the research and for the completion of CNMPs for the selected farms. The
graduate student and summer interns collected farm information and data during the summer of
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2015 and 2016. Categories by which farms were measured were based on examples from Van
Almelo et al., 2016. Because calves are the principal export of these operations, they will be
assessed on a kg P/ production ha and kg P/ kg animal produced basis. As shown in (Van Almelo
et al., 2016), using AU/ area provides results on a production land area basis and kg P/ kg
produced shows feed efficiency.

Results
Study farms represented two of the four geogrophical regions found in West Virginia;
Ohio River Valley (n = 9) and Potomac Section (n = 3) (Figure 3), for a total data set of n = 12.
The mean herd size was 42 mature angus cross brood cattle (Table 2.1) (Raw data in Appendix
D). Other characteristics were a mean value of 50 AU, 48 production hectares, and 19 spreadable
hectares. Production area was determined as any land on the farm used for cropping or as pasture
for grazing animals. Spreadable area were determined by GIS mapping and the removel of land
area from manure applications based on WV USDA NRCS 590 Standard for Manure Setbacks
within the technical notes of the WV USDA NRCS 590 standard (Appendix E). Animal units
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were based on a 544 kg mature cow and calves sold at 249 kg.
Yes and no questions from the questionaire were assigned numerical value so
comparisons could be made. Answers of yes were given a value of 1 and answers of no were
given a value of 0. The percent shown in these questions is the percent of farms which answered
yes. Fifty-eight percent of farms answered yes to dry lot feeding, while only 8% answered yes to
imported manure. All operations in the study grew forage, while 17 and 25 percent imported and
exported forage, respectively. Imported forages were classified as any forage that was brought
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onto the operation from an external source, and exported forages were shipped from the farm.
Fifty-eight percent of operations imported grains and 17% grew grains. Imported grains were
purchased from local mills and grown grains refered to on farm corn production.
Animal units/ production hectare had a mean value of 1.6 and ranged from 0.7 to 2.8 and
AU/spreadable hectare had a mean value of 4.2 and ranged from 1.5 to 10.5. Animal units on a
spreadable area basis were higher because all farms had an average of three times more
production area than spreadable area.
The majority of feed was pasture and mixed legume-grass hay on all operations. All
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operate with a HUAP as a roofed winter feeding area, where hay is fed during the wet months of
winter and manure is stored until proper field applications can be made. Over 40% of all farmed
land area received manure annually, and all had an animal densities of less than 3 AU/
production hectare. Because 58% answered yes to dry lot feeding of animals, dry lot feeding was
chosen to be the classifying factor between “basic” and “complex” management systems. Dry lot
feeding requires grains to be produced or purchased which by default increases the complexity of
the operations.
Basic farms have the most basic management for a beef operation. Basic farms (n = 5)
had no dry lot feeding (Table 2.2). These farms had a mean value of 29 brood cows with a range
from 20 to 43 head and 34 ha of production area with a range from 20 to 60 ha. Calves birthed in
fall or spring and are sold at an average weight of 249 kg (550 lbs.) through conventional
methods. These operations supplement a minimal percent of the animals total diet with grain.
Forty percent import hay and 80% import grain. None of these operations grew grain for animal
use or export. Basicoperations had a mean AU/ production ha of 1.6 and ranged from 1.0 to 2.2.
Complex farms (n = 8) were all other farms in this study. These farms utilized animal dry
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lot feeding, imported grain and supplements, and imported animal waste as a fertilizer. Herd size
had a mean value of 51 with a range form 20 to 100 head and production area of 59 ha with a
range from 17 to 104 ha. None of these operations imported forage, however, 29% exported
forage. Forty-three percent imported grain and 29% grew grain. Animal unit/ production ha had a
mean value of 1.6 with a range from 0.7 to 2.8 AU/ha.
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Discussion
The vast majority of WV beef cattle farms are considered small by conventional
standards (herd size and income). The same is likely true of most beef cattle farms in
Appalachia. Categorizing farms by management practices is the first step toward improved P
management for beef cattle farms. Based on a survey of NRCS cooperating farms, two
management categories were identified. Basic farm systems were the simplest cow-calf
operations in that calves were weaned and sold with minimal supplementation. Complex
production systems had one or more management pracice that distinguished it from a basic
production system The most important of these were dry lot feeding and imported manure.
525
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Figure

Figure 2.1. West Virginia’s location in the United States and the approximate location of farms
sampled in this study.
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Tables
Table 2.1. Descriptive statistics for farm characteristics of twelve beef cattle operations
in West Virginia.
Characteristics
Mean
SD
Minimum
Maximum
Farm Size
Herd Size
42
23
20
100
3
Animal Units
50
8
24
120
1
Production ha
48
30
17
104
Spreadable ha2
19
10
5
41
Herd Management
Dry Lot Feeding*
Animals Sold

58%
38

Crop Management
Forage Grown*
Forage Imported*
Forage Exported*
Grain Grown*
Grain Imported*

100%
17%
25%
17%
58%

Density
AU/ production ha
AU/ spreadable ha

1.6
4.2

23

16

95

0.6
2.4

0.7
1.5

2.8
10.5

1

= Total area on which livestock can graze
= Total area on which collected manure is applied
3
= Animal Units reflects total AU (cows and calves)
* Signifies an average of farms participating in the specific management.
Yes to the question = 1 and No = 0
2
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Table 2.2. Descriptive statistics for farm characteristics of five basic and seven complex beef cattle operations
in West Virginia.
Basic (n = 5)
Complex (n = 7)
Characteristics
Mean
SD Minimum Maximum
Mean SD Minimum Maximum
Farm Size
Herd Size
29
9
20
43
51
27
20
100
Animal Units
48
14
32
71
85
46
32
168
Production ha
34
18
20
60
59
34
17
104
Spreadable ha
17
8
10
30
20
11
5
41
Herd Management
Dry Lot Feeding*
Animals Sold

0%
25

Crop Management
Forage Grown*
Forage Imported*
Forage Exported*
Grain Grown*
Grain Imported*

100%
40%
20%
0%
80%

8

16

100%
47

38

27

16

95

0.7
2.7

0.7
2.1

2.8
10.5

100%
0%
29%
29%
43%

Density
AU/ production ha 1.6
0.5 1.0
2.2
1.6
AU/ spreadable ha 3.3
1.7 1.5
5.6
4.8
* Signifies an average of farms participating in the specific management.
Yes to the question = 1 and No = 0
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Chapter 3: Whole Farm Nutrient Mass Balance and Implications for Sustainable
Phosphorus Management
Introduction
Increased demand for animal production on forage systems has led to a need for
increased production. This need can be met by increasing soil fertility of production areas,
increasing the amount livestock feed provided or starting new animal production operations
(Cela et al., 2014). All of these options can result in potential environmental risk or land
degradation, but can be very efficient when managed with the proper guidelines and
recommendations. Increased use of fertilizers or imported animal manures as fertilizers have the
potential to increase soil P concentrations above what is needed by plants in forage based
570

systems. Also, importing feeds and minerals can increase the amount of P in manure captured
during winter feeding. Lastly, without proper recommendations for new operations and proper
manure management, environmental risk is almost certain to occur. With farms categorized
based on management practices, better recommendations for each of these scenarios is possible.
The first concern is the importation of P in mass quantities as either feed, commercial
fertilizers, or animal manures. One way to monitor the rate at which operations increase or
decrease P is through nutrient mass balance (NMB) (Cela et al., 2014). Whole farm NMB is an
accounting system which shows breaks in nutrient cycling and areas where utilization efficiency
is poor (Cornell University Cooperative Extension, 2014). Numerous studies have been
conducted on dairy farms across the United States and the world resulting in P sustainability
benchmarks from 8 kg P/ha to 13.3 kg P/ha. The term sustainability benchmark is used to
express a relationship between net P (imports-exports) and a product or land area (Cela et al.,
2014). Benchmarks allow an operation’s nutrient recycling efficiency to be evaluated for
sustainability with a single year of data (Cela et al. 2014; Van Almelo et al., 2016; Wright and
Mallia, 2008). Cow-calf operations tend to have large quantities of imported nutrients in feeds
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and fertilizers, but have low exported amounts because the main export is animal protein. This
larger import to export ratio can lead to sustainability issues when nutrients are not monitored.
An understanding of NMB for the categories established in Chapter 2 could provide farmers and
government agencies opportunities to reduce unnecessary imports and monitor the fate of P
within the farm.
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A study by Sharpley et al. (1998) on the mass balance and fate of nutrients in beef stocker
cattle feed lots addressed this challenge. Their purpose was to prepare a model which would
allow for the integration of management and P destinations across farms (Eigenberg et al., 1998).
They noted that manure was primarily deposited on the closest fields to the areas of confinement
(Eigenberg et al., 1998). Farmers and applicators of manure felt that the manure did not have
enough nutrient value to justify moving it across the farm or trying to market it as an export
(Eigenberg et al., 1998). Because manure value is not recognized, it is often stored or applied in
conditions which are not favorable.
To decrease environmental degradation and increase feed efficiency and nutrient
recycling, USDA NRCS is cost sharing the installation of heavy use area protection (HUAP) and
600

waste storage facilities (WSF) (USDA NRCS, 2015; USDA NRCS, 2012a). These structures are
often roofed and provide a feeding and manure storage area for the winter and spring months
when stored feeds are required and weather conditions can be unfavorable for animals and
operators. Missouri Extension found that feeding large round bales without a ring feeder can
result in losses between 12.3 and 43.0%, while feeding within a ring in a confined area reduces
loss to 4.9 to 5.4% in turn reducing need for import feed (Kallenbach, 2000).
A major concern with these structures is ensuring that once manure is captured, farms
have adequate land area to apply it without causing an environmental concern (USDA NRCS,
2015; USDA NRCS, 2012a). Collected manure volume and manure nutrient concentrations must
be estimated if a manure containment system is not present. Currently these are based on
tabulated values (Purdue Research Foundation,2010; USDA NRCS, 2013) Animal manure P
concentrations are known to vary widely by species and production system, but there also is
reason to suspect errors in the tabulated values (Rieck-Heinz et al, 1996). Dou et al. (2001)
observed differences between book values and farm manure analysis for dairy cattle and swine.
Other studies reported P concentration errors of between 20 and 40% for dairy (Rieck-Heinz et
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al., 1996; Lindley et al., 1983). Lindley et al. (1983) found that manure from animals fed diets
that contained large amounts of P from feed stuffs such as barley and soybean meal, could vary
from 50 to 100% from the tabulated value; only K2O had a direct correlation to feed intake.
Deviations from published values and tested values appeared to be related to management, feed
source, and manure handling (Lindsey et al., 1983).

25

Objective
The primary objective of this study it to determine if NMB and manure book value are
different in basic and complex operations utilizing HUAPs for winter feeding and manure
storage to provide better P management recommendations.

Materials and Methods
All 12 operations used for categorization were used in either a NMB or manure book
value comparison study. Since operators agreed to participate in the study, a WVU graduate
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student and summer intern visited the farm to take samples and complete a survey of
management information to complete CNMPs as part of the previously mentioned cooperative
agreement. This survey consisted of all information needed to develop a WV USDA NRCS
approved CNMP.
When sampling was complete for a specific farm, decisions were made on its potential
for further study. Farms were evaluated based on proximity to Morgantown, WV; record
keeping; and willingness to provide personal farm details. Sampling of all operation followed the
same methods because study determination was not made until after data collection was
complete. Since undergraduate interns were used to collect most of the samples used in this
research, standard procedures were developed for each sample type and included in the
Appendices.
Soils were sampled at a depth of 4 cm for pasture and hay fields in a random zig-zag
pattern, while crop fields were sampled at a depth of 15 cm in the same random zig-zag pattern.
Sample area was dependent on management of the operation. Larger fields were divided only
when the operator was willing to change management to match these divisions. A minimum of
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10 cores were taken per field to make composite and representative samples. Samples were sent
to the West Virginia University Soil Test Lab for determination of Mehlich 1 extractable Mg,
Ca, P, and K (Appendix F). Techniques followed recommended procedures published in Soil
Science Society of America: Soil Testing and Plant Analysis (Westerman et al., 1990). Because
samples were taken by WVU undergraduate interns, sampling protocols and directions were
developed (Appendix F). Records were taken of sample number, sample area, fertilizer or
manure applications, and the rate of any other nutrient applications.
26

Manure samples were taken multiple times during the study to account for temporal
changes in the effects of feed stuffs on manure P concentration. Each manure sample was taken
as a composite sample of at least five subsamples. Subsamples were taken from different
locations across the manure pile to accurately represent its nutrient concentrations. Subsamples
were taken at least 45 cm from the surface of the pile. Subsamples were mixed in a clean
container and sent to the WV Department of Agriculture for total manure nutrient analysis
(Appendix G). Sampling techniques will follow “Manure Sampling and Analysis,” published by
Rutgers Extension (Appendix G) (Rutgers Cooperative Research & Extension, 2006).
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Forage hay was sampled using Star Quality Samplers and grab samples were collected
for silage and grain supplements. Samples were analyzed by Cumberland Valley Analytical
Service (CVAS) using NIR and wet chemistry (Appendix H). Records were collected of bales
produced, harvest number (first cut, second cut, etc.), and estimated bale weight. Techniques
followed recommended procedure published in “Sampling Hay, Silage, and Total Mixed Rations
for Analysis” (Appendix H) (Undersander et al., 2005). Dry hay samples were divided based on
field and harvest number. At least 20 cores were taken to make the composite sample used by
CVAS for analysis. Twenty cores or more will reduce error caused by potential variability within
bales (Undersander et al., 2005). If a field produced more than 50 large round bales, it was
divided into two samples of 25 bales each and an average analysis P value was used. Wrapped
ensiled hay was sampled using the same method as dry hay. Corn silage was sampled using a
grab composite method. Multiple grab samples were mixed to produce a representative sample.
Number of subsamples were determined at the time of sampling. Techniques followed
recommended procedures published in “Sampling Hay, Silage, and Total Mixed Rations for
Analysis” (Undersander et al., 2005).
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Nutrient Mass Balance
Five operations were selected from the categorization sample set used in Chapter 2 for a
NMB assessment. Farms were selected based on proximity to Morgantown, WV and reliability
of shared farm information. Sampling was conducted from May of 2015 through February 2017.
Sampling consisted of quantitative analysis of soils, forages, and manure, and also qualitative
analysis of farm management strategies and records.
Animal exports were determined from farm records. All farms sold calves at an average
weight of 245 kg (550 lbs.). A linear equation was used to determine the amount of P within this
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weight animal based on a relationship developed by (Gibson et al., 2002) (Appendix H) for
calves fed winter wheat.
Phosphorus concentrations in fertilizers, mineral supplements, and feeds were obtained
from individual farm records. When a farm had records for multiple year's averages were used.
Farms which imported manure applied it at a set rate and volume on a yearly basis. When
applicable, exported hay was also determined using farm records. Removed P through hay was
based on farm specific P composites from hay samples.
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A net P balance was calculated by subtracting all exported P from all imported P. Net P
concentrations were then used to calculate land area use efficiency, as well as animal production
efficiency (Cela et al., 2014). Land area efficiency was quantified on a kg manure P/spreadable
hectare and animal efficiency on kg P/ kg animal exported. These results were compared for
individual operations, and as basic and complex operation categories. Efficiency of P recycling is
a ratio of P and product, where a lower ration indicated a more efficient system. Phosphorous
efficiency was then tested for statistical significance using ANOVA with PROC GLM (SAS v
9.4, SAS Institute, Cary, NC).
Manure Book Values
During the CNMP planning process, MMP used the AWMFH to calculate manure
nutrient book values. This value was specific to each farm based on animal numbers, animal
types, and storage type. A percent difference formula was calculated as, and compared using a
single factor ANOVA.
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Results

ManureAnalysis P − ManureBook Value P
∗ 100
ManureBook Value P

Nutrient Mass Balance
Study farms (n =5) (Table 3.1) (raw data table in Appendix I) were in two different
geographical regions in the state, the Ohio River Valley (n = 4) and the Potomac Section (n = 1).
Mean herd size was 29 with a range from 20 to 43. Mean production area was 29.3 ha with a
range of 17.2 to 60.2 ha (Raw data in appendix D). Mean spreadable area was 14.9 ha with a
range of 4.6 to 18.8. Production area was two times larger than spreadable area based on NRCS
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Manure Application Setbacks. Animal density had a mean value of 1.59 with a range from 1.17
to 2.82. Based on dry lot feeding, Farm 1, Farm 2, and Farm 3 were determined basic and Farm 4
and Farm 5 were determined complex.
All farms applied manure to forage hay land, as well as pasture land when needed. Farm
5 had the lowest amount of manure amended land because only 36% of total farm area was in
crop production. Farm 4 had the highest percent of manure amended area (88%) due to a large
hay meadow and poor soils in need of manure amendments to improve fertility. Farms 1, 2, and
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4 imported commercial fertilizers to meet crop needs. Farm 5 imported animal manure. Farm 5
was located in the Potomac section of WV and imported poultry litter as a crop nutrient source.
Farm 3 had enough manure nutrients to meet all cropping recommendations. All farms collected
beef manure during indoor winter feeding, which was applied as a spring or fall fertilizer. Farms
1, 2, 3, and 4 made spring applications, and Farm 5 made fall applications.
The NMB calculations indicated that all farms had larger amounts of imported P than
exported P. Net balances ranged from 75.2 to 943.1 kg, with a mean value of 315 kg (Table 3.2)
(Raw Data in Appendix K). Total import P ranged from 128.61 to 978.69 kg P with a mean value
of 376.64. Total P exports ranged from 35.12 to 152.07 kg P with a mean value of 61.20. Basic
operations ranged from 2.9 to 4.8 kg P/ spreadable hectares with a mean value of 3.7, while
complex operations had a range from 11.3 to 54.9 kg P/ spreadable hectares with a mean value of
33.1. All operations had a mean value of 15.4 kg P/ spreadable hectares. Basic operations ranged
from 0.015 to 0.022 kg P/ kg animal produced with a mean value of 0.02, while complex
operations had a range from 0.062 to 0.151 with a mean value of 0.11 kg P/ kg animal. The mean
value for all operations was 0.055 kg P/ kg animal produced.
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Basic farms had a greater percentage of total imported P from supplements and minerals
than did complex operations. Complex farms had a higher percentage of their total coming from
fertilizers and imported animal manures.
Manure Book Value
Participating operations (n = 12) (Table 3.3) were in six counties and two geographical
regions in West Virginia, the Ohio River Valley (n = 8) and the Potomac Section (n = 4). Three
farms had multiple herds with separate feeding areas which resulted in 16 total manure samples.
Farms were then categorized as basic and complex. Basic operations (n = 4) and complex
operations (n = 12) were fed in separate barns. Herd size ranged from 20 to 100 with a mean
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value of 42. Production area ranged from 17 to 104 ha with a mean value of 48, while spreadable
area ranged from 10 to 41 ha with a mean value of 19. Sixty-six percent of operations utilized
dry-lot feeding.
The average book value for P in all manures (n = 16) ranged from 0.66 to 0.99 with a
mean value of 0.77 kg P/ Mt (Table 3.3.). Basic manure (n = 4) P book value ranged from 0.73 to
0.77 with a mean value of 0.74 kg P/ Mt. Complex manure (n = 12) P book value ranged from
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0.66 to 0.99 with a mean value of 0.78 kg P/ Mt. All manure had an analyzed P range from 1.06
to 4.28 kg P/ Mt with a mean value of 1.72. Basic manure had an analyzed P range from 1.11 to
1.33 kg P/ Mt with a mean value of 1.19. Complex manure had an analyzed P range from 1.06 to
4.28 kg P/ Mt with a mean value of 1.95. Mean analysis was compared to book value and was
found to be significant with a p value less than 0.01. All manure had a percent difference of
124%. Basic manure had a mean difference of 61%. Complex manure had a mean difference of
145%.
All manure mean analysis differed from book values by 124%, and was determined to be
significantly different (p = <0.01). Basic manure book value and manure analysis P differed by
61%, which was less than half of the difference percent of all farms. The mean book value was
0.78 kg P/ Mt, and the mean analysis value was 1.95 kg P/ Mt. Analysis of book value and
analysis differed by 145% and was determined significant (p = <0.01).

Discussion
Nutrient Mass Balance
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Phosphorus NMB can vary considerably across different farming operations. Basic farms
had the lowest imported P/ kg animal exported (mean value of 0.02 kg P/ kg animal). However,
farms 1, 2, and 3 have the largest percentage from the whole for imported feed (mean = 75%),
while farms with dry lot feeding have a mean of 25% of imported P from feeds. This may be a
consequence of open feeding. When the calves are not confined, they are in competition for grain
with brood cows and other calves causing waste due to pushing and fighting. They are also being
fed out in pasture which can increase the amount of waste. In confined settings calves are fed a
more monitored diet which does not result in as much waste. Basic operations imported
approximately 40% more grain than complex operations. A potential explanation for this is that
complex operations use feeding bunks, which based on a study by Nebraska Extension, can
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reduce feeding waste by up to 40%, (Musgrave et al., 2012). Farms did not feed on the ground,
however more specific equipment like bunks and creep-feeders could still cause a reduction in
loss.
Farm 4 imported hay from a neighboring farm without an offsetting manure removal.
Imported hay accounted for 31.3 kg P which was more than the farm export of calves (26.6 kg P)
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resulting in a net P balance of 102.0 kg. Farm 2 also imported hay, but this was offset by its lack
of grain imports and minimal mineral supplements. Farm 2 had the lowest net balance in the set
because the management system was a foraged based with the smallest amount of imported P.
Farms 3 and 5, which utilized dry lot feeding, had higher kg P/ kg animal export ratios.
Farm 3 showed a 0.06 kg P/ kg animal and 11.3 kg P/ spreadable hectare, which is lower than the
0.15 kg P/ kg animal produced and 54.9 kg P/ spreadable hectare calculated for Farm 5. The
primary difference between these two farms is the importation of hay and the use of animal
manure as a fertilizer. Farm 5 imported 978.69 kg P in animal manures as fertilizers, while
exporting P at a rate of 35.1 kg P, which is below the mean. Farm 5 had the highest net P of
943.1 kg, which was 198% greater than the mean value of 315.4 kg P. Offsetting P imports on
Farm 4 was the exported P of 29.9 in hay, which allowed Farm 4 to be below the mean net P,
even with dry-lot feeding.
Farms categorized as basic and complex were different in their efficiency and utilization
of imported P. Basic operations had higher importation of grain due to non-confined feeding;
however, they had a mean efficiency of 0.02 kg P/ kg animal produced. Complex operations had
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better utilization of grains and supplements because of confined feeding, but had a higher mean
efficiency of 0.11 kg P/ kg animal produced. Calculated P efficiency between basic and complex
was statistically different (p = < 0.01) which is consistent with using the presence of dry-lot
feeding is a distinguishing management characteristic of forage based feeding operations in WV.
Manure Book Values
All operations had a mean difference of 124%, while basic and complex categories had
mean differences of 61% and 154% respectively. Statistical analysis proved that values for basic
and complex operations were different (p = < 0.01).
Complex farms had the largest difference and influenced the average difference in “All
Operations” to be larger. This larger error is explained by complex operations having more
intensive management and more imported P within the system. Complex operations use grain as
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a supplement to increase growth of calves during dry lot feeding, while basic operations do not.
Grain feeding of livestock can increase manure P content due to higher pass through nutrients as
a result of overfeeding. Grains and supplements have a higher P content than that of hay and
forage. Animals on complex farms are fed a ration based on protein and not P intake. By
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introducing feed management to these systems, manure P could be reduced by up to 35%
(Shraply et al., 2006).
Based on this research, manure book values and manure test values for P on WV cowcalf beef operations are not the same, and farms seeking new CNMPs in WV should be
categorized as basic or complex to provide more accurate recommendations. Results indicate
operations in WV which are considered basic and complex, should have an estimated manure
value of 1.19 kg P/ Mt and 1.95 kg P/ Mt, respectively, when developing a CNMP without
analysis.
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Table 3.1. Farm characteristics used to calculate a nutrient mass balance for five West Virginia beef
cattle farms.
Farms
Basic
Complex
Mean
F1
F2
F3
F4
F5
Farm Characteristics
Mature Cows
43
30
20
20
30
29
Animal Units4
70.6
50.0
32.0
32.0
48.5
46.6
Production ha1
60.2
22.9
21.3
25.1
17.2
29.3
2
Spreadable ha
12.7
13.1
18.8
14.4
4.6
14.5
% Manure Amended
21%
57%
88%
75%
27%
40%
Weight Sold (kg)3
9,730
4,990
4,536
4,536
6,237
6,006
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Density
Animal Density (AU/ Production ha) 1.17
2.18
Animal Exported (kg/ Production ha) 162
218
1
= Total area on which livestock can graze
2
= Total area on which collected manure was applied
3
= Total kg of live weight of animals sold from the farm
4
= Animal Units reflects total AU (cows and calves)

1.50
213

35

1.27
181

2.82
363

1.59
205
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Table 3.2. Calculated P imports and exported for five West Virginia beef cattle
farms.
Farms
Basic
Complex
Mean
F1
F2
F3
F4
F5
Imports
-------------------------------------kg----------------------------------Hay P
0.00
66.30
31.30
0.00
0.00
19.52
Total Supplement P
90.81
0.00
56.25
56.25
129.92
66.64
Total Mineral P
130.28
9.40
41.06
30.71
115.58
65.41
Fertilizer P
104.97
34.60
0.00
252.61
0.00
78.44
Total Imported Manure P
0.00
0.00
0.00
0.00
733.20
146.64
Total Imported P
326.06 110.29
128.61
339.57
978.69
376.64
Exports
-------------------------------------kg----------------------------------Hay P
96.52
6.63
0.00
29.94
0.00
26.62
Total Livestock P
55.55
28.49
26.64
26.64
35.61
34.59
Total Exported P
152.07
35.12
26.64
56.58
35.61
61.20
Net Phosphorus

174.0

75.2

102.0

283.0

943.1

315.4

kg P/ Spreadable ha
kg P/ kg Produced
a
= p value is < 0.01
b
= p value is < 0.01

2.9
0.018a

3.3
0.015a

4.8
0.022a

11.3
0.062b

54.9
0.151b

15.4
0.055
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Table 3.3. Descriptive statistics for farm characteristics of twelve beef cattle four basic operations, and eight complex
operations in West Virginia
All Farms (n = 12)
Basic Farms (n = 4)
Complex (n = 8)
Characteristics
Mean SD Min Max
Mean SD Min Max
Mean
SD
Min Max
Farm Size
Herd Size
42
23
20
100
29
9
20
43
51
27
20
100
Animal Units
50
8
24
120
48
14
32
71
85
46
32
168
Production ha
48
30
17
104
34
18
20
60
59
34
17
104
Spreadable ha
19
9
10
41
17
8
10
30
21
9
13
41
Herd Management
Dry-lot Feeding*
Animals Sold

66%
38

23

16

95

0%
25

8

16

Density
AU/ production ha 1.6
0.6 0.7 2.8
1.6
0.5
1
AU/ spreadable ha 3.7
1.3 1.5 5.6
3.3
1.7
1.5
* Signifies an average of farms participating in the specific management.
Yes to the question = 1 and No = 0
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100%
47

27

16

95

2.2
5.6

1.6
3.9

0.7
1.0

0.7
2.1

2.8
5.2
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Table 3.4. Manure phosphorus book value and analysis comparison for sixteen samples from four basic operations and twelve complex
operations.
All Samples (n = 16)
Basic Samples (n = 4)
Complex Samples (n = 12)
Characteristics
Mean SD
Min
Max
Mean SD Min Max
Mean
SD
Min Max
Manure
Book Value
0.77 0.09 0.66
0.99
0.74
0.02 0.73 0.77
0.78
0.10
0.66 0.99
Analysis
1.72 a 0.93 1.06
4.28
1.19 b 0.09 1.11 1.33
1.95 c
1.02
1.06 4.28
Percent Difference
124%
61%
145%
a
= p value is < 0.01
b
= p value is < 0.01
c
= p value is < 0.01
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Chapter 4: Discussion and Recommendations
As the interest in HUAPs and WSFs by beef cattle farmers in WV increases, so does the
need for accurate conservation planning and P management. A major step in this process is using
a categorization system based on management strategies rather than herd size and gross profit.
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Now that there is a basis for a preliminary categorization based on dry-lot feeding, future
research can be directed to improve recommendations for P management.

Nutrient Mass Balance
Nutrient mass balance was an effective way to determine if operations are recycling
nutrients efficiently, as well as assessing operational differences. A major difference found in
this study was the P imports for basic and complex operations. Basic operations imported the
majority of their P from feeds and minerals, while complex operations imported their P from
fertilizers and animal manures. This difference was evident in differences in actual and
theoretical P (Appendix N). A possible reason for this difference is that basic operations want
more direct growth from animals, while complex operations are focused more on crop
production.
Based on net P and the collected manure estimates, P balances were positive in basic
systems and negative in complex systems. Because of higher amounts of imported manure and
fertilizer, the soil P on complex operations values averaged at 445.9 kg P/ha, which was much
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higher than necessary to be productive. At this soil P level, plants cannot use all that is applied
and soil loading has occurred. Since the excess P is in the soils, it does not appear in a NMB
because it is not recycled. In basic operations, manure analysis was higher than theoretical net P
supporting the idea that they had higher percentages of imported P in feeds. Currently it shows in
a NMB, but over time if soils become loaded recycling efficiency will decrease. Other causes of
this difference are unaccounted bedding P content, losses of manure during periods of outdoor
feeding, and inaccuracies of farm records. Nutrient mass balance should be studied in the future
for this sample to determine if predictions of P management, in regards to cropping needs and
soil P accumulations, are accurate.
Soil P accumulations on a spreadable area basis were calculated form manure analysis
and net P from NMB (Appendix N). Farm specific hay P removal was used to compare
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applications and removals to determine a yearly P balance. All operations are projected to
increase soil P annually. These predictions assume that applications will follow the newly
implemented CNMP and manure will only be applied to the spreadable area. One explanation for
all farms increasing field balance is the reduction of their individual spreadable area. Another
915

explanation is that farms are simply importing more P than can be recycled on a yearly basis.
Future sampling and NMB evaluation on these operations will improve predictions.
Multiple years and a larger sample of NMB will provide a better benchmark for comparison. If
soils in spreadable areas reach projected levels, then P imports should be reduced or
considerations for exporting manure should be incorporated into the CNMP.
Soils that exceed projected levels could be explained by an increased P import to either
soils as fertilizer and manure or indirectly through feeds. They could also be explained by
weather variability. Depending on weather conditions, collected manure volumes may be smaller
if more outdoor feeding is possible. If over time soils do not show the increase projected, a
possible explanation is that manure was applied in areas that were determined non-spreadable.
Pre-plan applications were made on a larger portion of all operations and it is believed that
without enforcement of these regulations, no change in application area will be made by
operators. Another cause of soil levels not reaching projected levels could be inaccuracy in
operator records. Since the study was voluntary there was no way to verify if records and data
provided were accurate. If records are inaccurate, manure volume may be too high, reducing the
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available P for application.

Manure Book Values
The book value errors from this research were larger than those previously reported. One
explanation may be that the AWMFH book values are a national average and that local and
regional beef production systems deviate from national practices. This would indicate a need for
more localized estimates. Future research should be directed at determining why the error for
complex operations is so large. There are likely opportunities to divide the complex categories
into sub-categories.
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Future Research
During discussion of both NMB and manure book value, areas of future research were
outlined. The first area of future research is bedding. Bedding is used to make animals more
comfortable and as an absorbent of effluent from running out of the HUAPs and WSFs.
Eigenberg et al. (1998) found that up to 20% of collected phosphorus can be in a liquid state
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during the winter and spring, which can be lost as runoff or through transport of manure.
Conversely, research from Sweeten and Wolfe (1994) and Eghball and Power (1994) suggested
that WSFs which are sized and managed properly, lose less than 2% of P during storage and
composting. Another benefit of having a standard suggested method of bedding is that manure P
content can be analyzed and interpreted to reflect the P content from bedding (Eigenberg et al.,
1998). Currently WV does to have a standard bedding recommendation and if bedding was
further researched manure P could be analyzed to reflect for residual P in bedding. If bedding is
imported, it could also be a key component to NMB that would reduce error in manure and net P.
Another area of potential research is lengths of outdoor feeding period and the presence
of nutrient hot spots. Conditions for HUAPs to be completely successful are very narrow and do
not often occur, because HUAPs are usually not designed for total confined of brood cattle, they
are free to coma and go as they choose. In less than ideal situations issues of animal health and
difficulties in feeding animals can present major problems. In periods of extreme wetness, alley
ways and surrounding loafing areas can become saturated and turn into a deep mixture of mud,
feces, and urine. These areas not only become nutrient hot spots, but are a hazard for cows and
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calves. To reduce hot spots adjacent to HUAPs, cattle should be dispersed onto suitable
grassland to rest and ruminate. Adding heavy use area laneways from these loafing area to the
HUAPs would improve nutrient cycling on farms. Both scenarios present challenges for
evaluating nutrient recycling. When access is limited animals are either fed outside of the HUAP
where manure cannot be collected or fed inside the barn in a total confinement scenario When
fed in fields, nutrients are deposited in areas where it is not accounted for. These areas often lose
vegetative cover and when lacking cover, P within these areas cannot be harvested by either
livestock or equipment as forage. Without forage removed P, it cannot be placed elsewhere on
the farm as part of recycling. If soils were sampled in these areas a more complete view of
nutrient location and recycling could be obtained. Future research could also be conducted on the
movement of P when animals are encouraged to move to other areas of the operation, rather than
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just adjacent loafing areas. By encouraging animals with water, minerals, or other feed to move
to pastures or hay fields elsewhere on the operation, nutrients consumed by the cows in HUAPs
could be relocated without the use of equipment. Another area where hot spots can occur is when
manure volume is larger than the WSF can contain and manure must be stored uncovered.
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Eghball and Power (1994) concluded that all P lost during manure stacking was due to runoff.
Reducing manure volume isn’t always a concern, but in this study Farm 3 was forced into
outdoor storage because the WSF was designed for 30-day storage. Excess volume leads to
winter manure applications. The manure storage site should be sampled after manure is removed
as part of continued research for manure hotspots around HUAPs.
Another area of future research is feed management. Sharpley et al. (2006) found that by
reducing animal P intake, the area to recycle manure will decrease. Not only does this reduce
environmental concern and make operation P use efficiency higher, but it saves money by
reducing the need to import feeds. As animal intake is reduced, manure volume is reduced, along
with a reduced nutrient content in the manure. Forage samples could be used to develop feed
management plans specific to operations and animal needs. A revised standard for feed
management would encourage more farmers to increase consideration of their feeding practices.

Improved Recommendations for Future CNMPs
Based on the data collected, categorizing farms based on dry-lot feeding as basic or
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complex can increase the accuracy at which CNMPs can be written. Future recommendations
should start with the more specific manure P contents of 1.19 kg P/MT for basic and 1.95 kg
P/MT for complex operations. The next recommendation for CNMPs is to explore options of
livestock loafing in multiple areas to encourage nutrient movement and recycling. Not only will
this increase P utilization efficiency, but will reduce land degradation during the winter months.
The last suggestion is to rewrite the standard for animal feed management and make it an
associated practice. Being more precise and limiting pass through nutrients will reduce manure P
and manure volume.
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Appendix A: General Requirements for Study Participation
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Farm Precipitation Requirements
If the farm meets the following criteria, please contact the landowner/ operator and
explain the project. If he or she expresses interest, an appointment will be scheduled between the
landowner/ operator, NRCS representatives, and WVU graduate student and intern. This will be
a brief meeting to further examine eligibility.

Requirements for participation:
USDA-NRCS cooperating farmer
Operating a HUAP and WSF to confine and/or winter feed
Using an existing CNMP or will use newly developed plan
Between 15 and 100 brood cows
Predominantly feeding mixed grass hay as winter forage
Pasture during growing season
Agreeable to sampling and record keeping as participation in study
Records are kept of any imported manure, fertilizer, and feeds.
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Appendix B: Initial Farm Categorization Questionnaire
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Location:
Age of Building/ Contract:
Number of Head
Hay:
Number of Acres

Pasture:
Crop (Rotation):

Grazing Management (Rotational,
Continuous)

Calving Strategy
(Sell and Replacement)

Feeding Strategy (Hay, Pasture, Grain, etc.)

Imports (Fertilizer, Hay, Grain, etc.)

Exports (Manure, Hay, Grain, etc.)

Manure Spreading
Notes:
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Appendix C: Questionnaire for developing CNMP through MMP
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Manure Management Planner Check List:
Pre-Farmer Activities: This document is designed to help you be prepared for a visit with an
NRCS cooperator. This provides an accurate way to ensure that you have all data and questions
answered quickly and accurately. Examples of the data and information you will needed are
provided in this document in EXAMPLE tables. These tables will allow you to collect and
organize your data in a way that will make CNMP development through MMP more efficient.
Unfilled versions of these tables are provided to you.
Read all sections before the farm visit and before marking on maps and filling in tables
Printed maps of the farm (Either from ToolKit or from a different mapping system)
•

It may be beneficial to have a few different color pens, markers, or highlighters for
drawing features on the maps

•

Get maps from NRCS for the property. These maps should show the field and tract
boundaries, as well as a topo map so that you can see the slope of the land.
o You may want to have multiple pages with larger scales, rather than a single page
and a small scale.

Printed all tables
•

Do you have rotation builder tables? (Make sure you have extras in case of mistakes)

•

Do you have printed RUSLE2 builder tables? (Make sure you have extras in case of
mistakes)

Information gathered from previous CNMPs or field office cooperator contracts?
•

Length of the plan? ______________________
o This information is key for knowing the duration you need for the rotation builder
and the RUSLE2 builder

•

Do you have current soil test and manure analysis results? (This includes imported
manure)
o Ask the operator when samples were taken. Duplicates can often be obtained from
testing labs.
o If they do not know, make plans with the cooperator for you to come back and
sample
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Farm Visit Activities:
• Water: This is when different color inks are necessary.
o Creeks (perennial and intermittent) shown in correct location on the maps?
o Ponds shown in correct locations
o Lakes and/or reservoirs shown in the correct locations
o Wells on the property

•

You must distinguish between agriculture wells and residential wells

Greater than 30% slope
o If so, outline them on the map to be excluded from spreadable area

•

Artificial drainage
o Tiled or surface drains
o Grassed waterways (If the waterways are part of a NRCS contract, they may
already be shown on the map)

•

Mark all occupied dwellings on and adjacent to the property

Filling out the rotation builder tables:
•

The rotation builder is a table designed for the rotation of the fields within a specific
cropping cycle. This builder can be used multiple fields. With fields using the same
rotation, complete the “Rotation Year” table

•

A rotation builder must be completed for every cropping cycle.

•

Even if permanent pasture, make a rotation builder with the fields it applies to. This will
reduce mistakes and lack of data when trying to enter it into MMP.

Storage:
•

If a block is shaded, you will not need to collect data for that dimension for that storage
type.

•

Manure on hand is used to start the planning process. It needs to be as close as possible,
but can be an estimate.

•

Is manure imported to the farm?
o If so, ID the storage “Imported Manure” and collect the same data
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Animals:
•

Establish animal ID groups?
o These are the groups that are fed and managed in the same way

•

Establish type and phase of the animals
o Age of the animal is important to determining the phase
o This will be the mainly described by the end use of the animal, milk, eggs, beef,
etc.

•

Present from and through is used for indicating if animals are only present for a specific
period.

•

Manure collection % is an estimate based on the dry lot feeding time and storage type

•

Extra water or bedding
o If so, indicate in the table.
o For bedding, it may be in tons/production period. Calculations will have to be
made when you return to the office

•

Associate each animal ID with a storage ID

Equipment
•

Establish an ID for each piece of equipment used to apply manure and the type of manure
it is used with
o Use a name provided by cooperator calls it so he/she can understand their CNMP

•

Capacity of the equipment
o Establish units with the cooperator depending on the type of manure it spreads

•

Minimum application rate of the equipment
o The cooperator may not know this information, but with the name of the spreader
it can be determined online

•

Application width or area
o This is the distance that is covered by the spreader on a single pass

•

If the cooperator fertilizes through irrigation, collect this data here

Nutrient Management
•

Fertilizer as a row starter
o If so, what is the composition and rate

•

Commercial fertilizer
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o If so, record composition and rate
•

Fields that receive manure
o This could be very different depending on the time of year and the crop
o If application is dependent on rotation, note that in the “Nutrient Management”
table
o Record the month of application, rate, type of manure, and the equipment used to
apply it
o If it is a smaller farm, applications may be easier to record using tract and field
numbers rather than rotation
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RUSLE2 Builder for Tract and Field # ___EXAMPLE_________________
Vegetation

Target
Yield
(Units)

Corn, Grain

150 Bu

Date

Operation

4/15/0

Moldbord plow

4/25/0

Roller Harrow

5/15/0

Double disk opnr w/fluted coulter planter

10/26/0

Harvest grain and leaving 14” stubble

10/26/0

Shredded with rotary mower

11/1/0

Double disk drill

4/15/1

Moldbord plow

4/22/1

Disk, tandem light finish

4/30/1

Drill double disk, with fluted coulters

Alfalfa/oat nurse crop

60 Bu

7/31/1

Harvest legume hay

Alfalfa, spring regrowth

2 tons

6/15/2

Harvest legume hay

Alfalfa spring regrowth

4 tons

8/21/2

Harvest legume hay

Alfalfa year 2 regrowth

4 tons

6/15/3

Harvest legume hay

Alfalfa spring regrowth

4 tons

8/21/3

Harvest legume hay

Alfalfa year 2 regrowth

4 tons

4/15/4

Moldbord plow

4/25/4

Roller Harrow

5/15/4

Double disk opener w/fluted coulter planter

Corn, Grain

150 Bu

10/26/4

Harvest grain and leaving 14” stubble

10/26/4

Shredded with rotary mower

11/1/4

Double disk drill

Rye as winter cover

Rye as winter cover
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Rotation Builder EXAMPLE
Year

Vegetation

Yield Goal (Unit)

1

Corn Grain

150 Bu

2

Corn Grain

150 Bu

3

Alfalfa (New)

1 ton

4

Alfalfa (Maintenance)

4 tons

5

Alfalfa (Maintenance)

4 tons

6

------------------------

-----------------------

7

------------------------

-----------------------

8

------------------------

------------------------

Year of Tract and Field within the Rotation EXAMPLE
Tract and Field #
798-1
798-8
798-30
798-3
1476-2
2309-4

Year of
Rotation
1
1
1
2
2
2

Tract and Field #

Year of
Rotation

Tract and Field #

Year of
Rotation

Storage Type and Capacity EXAMPLE
Dimensions (Feet)
Storage ID

Storage Type

Shape

Slurrystore

Outside tank- Liquid

Red Barn

Manure Pack

Circular
Circular
Circular
Rectangle
Rectangle
Rectangle
Rectangle w/ Sloping sides
Rectangle w/ Sloping sides
Rectangle w/ Sloping sides

Diameter

Depth

Freeboard
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30

3

7

1

Manure on hand EXAMPLE
Storage ID
Slurrystore
Red Bard

Manure on hand (Include units)
500,000 gal
200 tons

Width

Length

40

32

Slope
(horiz. to 1
ft. vert)

Animal ID and Info EXAMPLE
Animal ID Group

Animal type and
production phase

Mature Cows

Milk Cows

Calves

Growing
steer/heifer

Avg
Weight
(lbs)
1,200
900

# of
Head

Present on
farm?

80

Year round

15

Year round

Manure
Stored
(%)
90

Extra Water
Bedding
(gal/day/head)
2.5

Associated
Storage
Slurrystore
Red Barn

Equipment Specifications EXAMPLE
Equipment ID

Application Type

Capacity (Units)

Minimum Rate (Units)

Box Spreader
Honey Wagon

Solid Manure
Surface applied Liquid

7 tons
27,000 gal

20 ton/acre
3,000 gal/acre
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Application
Width (Units)
14 feet
25 feet

Nutrient Management EXAMPLE
Fertilizer
Type

Composition
(If commercial)

Application
Rate

Application Date

Row Starter

19-19-19

100 lbs/acre

May (Corn Planting)

5,000
gal/acre

May (Newly planted
corn and Alfalfa)

Slurrystore

Slurrystore

3,000
gal/acre

October (On
maintenance alfalfa)

Red Barn

1 year P
needs

October

Notes

Mainly alfalfa, but will
be applied to the poorest
looking of the forage
fields
Apply this to the fields
closest to the barn that
are in maintenance

Appendix D: Raw Farm Categorization Data
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Farm Characterization Raw Data
F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

43
51.6
38
19
70.6
60.2
12.7

26
31.2
22
11
42.2
20.0
10.2

20
24.0
16
8
32.0
25.1
14.9

20
24.0
16
8
32.0
21.3
3.8

30
36.0
28
14
50.0
22.9
13.1

28
33.6
22
11
44.6
44.3
29.5

30
36.0
25
12.5
48.5
17.2
4.6

42
50.4
39
19.5
69.9
104.0
20.2

70
84.0
68
34
118.0
68.4
22.7

100
120.0
95
47.5
167.5
92.7
40.9

40
48.0
37
18.5
66.5
36.0
17.2

55
66.0
52
26
92.0
68.0
20.2

Dry Lot Feeding
Imported Manure
Imported Fertilizer

N
N
Y

N
N
Y

Y
N
Y

N
N
Y

N
N
Y

N
Y
N

Y
Y
N

Y
N
Y

Y
N
N

Y
N
Y

Y
N
Y

Y
N
Y

Feeding
Grown Forage
Imported Forage
Grown Grain
Imported Grain
Imported Supplement

Y
N
N
Y
Y

Y
N
N
Y
Y

Y
N
N
Y
Y

Y
N
N
Y
Y

Y
Y
N
Y
Y

Y
N
N
Y
Y

Y
N
N
Y
Y

Y
N
N
Y
Y

Y
N
Y
N
Y

Y
N
Y
N
Y

Y
N
N
N
Y

Y
N
N
N
Y

1.17
5.56

2.11
4.14

1.27
2.15

1.50
8.42

2.18
3.82

1.01
1.51

2.82
10.54

0.67
3.46

1.73
5.20

1.81
4.10

1.85
3.87

1.35
4.55

Farm Size
Cow Herd Size (n)
Animal Units (AU)
Calf Herd Size (n)
Animal Units (AU)
Total (AU)
Production Area (ha)
Spreadable Area (ha)

Density
AU/ Production ha
AU/ Spreadable ha

Appendix E: West Virginia USDA NRCS Setback Criteria
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Appendix F: Soil Sampling and Analysis
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Soil Sampling Procedure
Soil sampling is important to the data collection process and because multiple people will
be taking samples, it crucial that all are following the same procedures and obtaining samples
from the proper depth. For this research, Soil Science Society of America: Soil Testing and Plant
Analysis will be used as technical reference.
Management Sampling
The first step to properly soil test a farm it to determine the areas that are to be sampled.
For this research, sampling of fields is not performed at a field level exclusively, but rather to a
level of management unit assigned by the farm operator. Management area sampling protocols
will be followed for this aspect of the procedure, more information can be found in the reference
text, under “Management Sampling”. This may be due to topographical differences, animal
tendencies, or areas that are untreatable by the equipment which the farmer owns. For example, a
25-acre pasture field may only be mapped as a single unit, however the operator may prefer to
split it into three sections for liming and fertilizing. In this case the field will be divided into
section A, B, and C of the original field number.
Number of Samples
Number of samples needed is based on the size of the field that is being sampled. It is
important that the sample is a representation of the entire field, so even smaller fields require
multiple samples. As stated in the reference text, fields less than five acres, take 10 to 20 cores
and fields between five and 10 acres, require 20 to 30 cores. In a case of a field that is larger than
10 acres, divide it into management areas, based on the strategies of the farmer. However, this
does not mean that when the recommended number of samples is met, sampling stops. Above all
else, it must be a complete sample with the best representation possible. This number will also be
dependent on the amount of soil collected. At least one full sandwich bag is to be collected.
Sampling Pattern
Sampling pattern is also important to making sure that data is random and is an accurate
representation of the land area. It is important to stay away from fence lines, watering areas, and
anything that may seem abnormal to the overall appearance of the field, e.g. bare spots, areas of
heavy loafing, or areas of extreme herbaceous pests, such as thistles or multifloura rose. Stay
approximately 50 feet from all of the above mentioned areas, or anything else that pray appear to
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not be a normal part of the field. When walking fields to obtain samples, a random pattern must
be used to be sure a sample is accurate and representative.
Sampling Depth
Depth of sample is key to having truly comparable data. When entering a field to sample,
the management and tillage practices of that field must be known. Because of nutrient
incorporation differences, hay and pasture have a different depth than a tilled crop field. When
hay and pasture are sampled a core of two inches is taken, while when sampling tilled crop
ground a core is taken to a depth of six inches. No-till crop fields should be double sampled at a
depth of one inch and at six inches. A mark or a piece of tape around the soil probe provides a
gauge for depth. Also, taking a larger sample and only using the top two or six inches is also
acceptable. More information on this topic is in the text as “Sample to the Proper Depth.”
After Collection
When in the field the samples will be numbered by tract and field number. Once you
return to the office and prepare the samples for mailing, you can name them whatever you want,
as long as you, the farmer, and I have a copy of your naming system. I would suggest the farmers
name as you have written it within your Excel sheet. Half of the sample will be sent to the WVU
Soil Testing Lab. Since these will be shipped directly from you to the lap, use your judgment
about when to send samples. If you will be in the area, they can be hand delivered. If not, you
will UPS the samples to the lap. Setting up a UPS shipment is shown in the paper of shipping.
The remaining half will be saved and returned to me at the university
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Appendix G: Manure Sampling and Analysis
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Manure Sampling:
Limited manure sampling will be done by interns due of the time of the year that you will
be placed., however you may have to do some. When sampling manure, much like soils or
forages, it is important to have a representative sample. Depending on type of manure storage,
sample method will change. For my research, you will be sampling dry stack manure in a WSF,
but if manure is imported, it will need sampled also. Manure sampling will follow techniques
described by (Rutgers Cooperative Research & Extension, 2006)
Stacked Manure:
This may be beef manure from a roofed winter feeding area, or could be poultry litter
being imported. Manure samples should not be taken from the outside of the pile, rather the
internal where the manure is not oxidized. With a shovel, dig into the pile at least 40 cm in at
least five different areas. Manure in a pile should have at least one sub-sample from each face.
Once you have dug into the pile remove a sample and place the sub-sample in a clean sampling
bucket. Take a sample from each opening and mix them together. Once the manure is mixed, fill
a manure sample bottle 2/3rd full. Label the top of the container with a sample number and
cooperators name and then put it in a zippered sandwich bag. Manure samples must be kept cool,
so make manure samples one of your last jobs for the day. Once back to the office, refrigerate the
sample until it is mailed. To mail the samples, follow the procedure in the UPS shipping guide.
With the remaining mixed sample, collect a sandwich bag and freeze it. You will return this to
West Virginia University for other tests.
Slurry:
To accurately sample a slurry tank, the sample needs to be done while it is being agitated.
This ensures that the solids from the bottom are mixed with the liquid from the top, as it would
when it’s applied. Slurry samples can be taken by collecting a manure bottle 2/3 full from any
place, or multiples. Since the manure is being agitated when you sample, we can assume that it
will be uniform throughout. Also, take 2/3rd of a sample bottle and freeze it for other testing.
Notes:
**Sample manure early in the week and mail them no later than Wednesday so they do not sit in
the mail over the weekend.
**Try to avoid as much direct contact with manure as possible. Your offices may have boot
covers to use as a bio security measure.
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Appendix H: Feed Sampling and Analysis
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Feed Sampling:
Feed samples are used to determine the amount of phosphorous, P, being removed in crop
harvested on the farm, and also to determine imported P. Grains, minerals, supplements, hays,
and silages must all be sampled to have an accurate representation. Each sample, needs to be at
least one zippered sandwich bag which can be divided. One half bag of sample will be mailed
from the student intern directly to Cumberland Valley Analytical Service, CVAS for analysis
(for mailing, refer to CVAS sample information). Half of a bag is to be saved and returned to
West Virginia University for additional testing. If it is a wet sample (silage) store it in the
freezer. Forage and Grain sampling follow the protocol by (Undersander et al., 2005)

Forage (Hay)
After meeting your farmer and during visits, ask for a projected time for their forage removal.
Forage samples need to be taken when the hay is in the field, rather than once it has been put in
the barn. This will ensure that the number of bales is accurate and that there is no mixing of
fields. Forage samples must be taken from each field, and cut throughout the year. Once the hay
is baled, you may begin the sampling process. Start by removing the plunger and attaching a
sample bag to the bottom of the Star Quality Forage Probe. For round bales, push your probe into
the rounded side of the bale, trying to hit as close to the center of the bale as possible. For square
bales, sample from the end of the bale, and not the side. Take at least 20 cores per field per cut.
In the case of extremely large fields, take more samples. You must use your judgment as to what
you think shows representation, but always sample more than what is needed. This may result of
testing a bale multiple times, which is acceptable. Once the cores are taken, transfer the forage
sample to a zippered sandwich bag with the operation name, sample ID number, field, and date.
After the sample is taken, make the proper notes for the cut, number of bales, and estimated
weight. Weight can be estimated with the dimensions of the bale.

Forage (Silage)
Since corn silage is chopped in the fall, you will likely not need to sample this. If silage is still
present on the farm, the process is much like manure sampling. Take multiple samples from
within the pile and mix them together, taking a small sample of the mixture. You will only use a
bag, a shovel, and a bucket for this process. To sample wrapped bales, use the probe as instructed
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in round bale hay sampling. Also as with hay, take at least 20 cores. After the sample is taken,
use a rag and wipe the plastic off and apply patch tape. It is vital that the hole be covered, so use
whatever is necessary. It is important to understand that any air in the bales, will cause the hay to
rot, so make sure it is patched properly. The quality of the forage will change over the ensiling
process, the phosphorous content will not. Another sample will be taken for forage quality in the
fall before feeding. When note taking for wrapped hay, follow the same guide as hay. For silage,
note the tons harvested. These samples need to be kept cool, so store them in the refrigerator, and
mail early in the week.

Grain/Supplement
Grain and supplements are a grab sample. Take a small handful of what you are sampling in a
zippered sandwich bag. Make notes of the ID of the sample, number of bags purchased, and
weight of bags. In the case of bulk tanks, recorded tons received.
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Appendix I: Estimating P concentration in Calves
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Appendix J: Raw Data for Whole Farm Nutrient Mass Balance
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Raw Data for NMB Imports
Farms

Total Imported Hay (lbs)
Hay DM %
Hay DM (lbs)
Hay [P](% DM)
Hay [P] (lbs)
Hay [P] (kg)

F1

Basic
F2

0
0
0
0
0
0

60,000
0.87
52,200
0.0028
146.2
66.3

0
0
0
0
0
0

Grain/Supplement
15,000
15,000
0.87
0.87
13,050
13,050
0.0075
0.0075
97.9
97.9
3,000
3,000
0.859
0.859
2,577
2,577
0.0046
0.0046
11.9
11.9
109.7
109.7
56.2
56.2

Grain/Supplement Imported (lbs)
Supplement DM %
Supplement DM (lbs)
Supplemental [P] (% DM)
Total Supplement [P] (lbs)
Grain/Supplement Imported (lbs)
Supplement DM %
Supplement DM (lbs)
Supplemental [P] (% DM)
Total Supplement [P] (lbs)
Total Supplement [P] (lbs)
Total Supplement [P] (kg)

32,000
0.857
27,424
0.007
200.2
0
0
0
0
0
200.2
90.8

0
0
0
0
0
0
0
0
0
0
0
0

Mineral (loose) (lbs)
Mineral DM %
Mineral DM (lbs)
Mineral [P] (% DM)
Loose Mineral [P] (lbs)
Mineral (Tub) (lbs)
Mineral DM %
Mineral DM (lbs)
Mineral [P] (% DM)
Tub Mineral [P] (lbs)
Total Mineral [P] (lbs)
Total Mineral [P] (kg)

2,000
0.94
1,876
0.0840
157.6
2,000
0.70
1,400
0.0926
129.6
287.2
130.3

200
0.93
186.6
0.0699
13.0
1,600
0.67
1,065.6
0.0072
7.7
20.7
9.4

80

F3
Hay
40,000
0.75
30,000
0.0023
69.0
31.3

Complex
F4
F5

1,450
0.98
1,422.5
0.0476
67.7
2,000
0.90
1,782
0.0128
22.8
90.5
41.1

1,450
0.98
1,422.5
0.0476
67.7
0
0
0
0
0.0
67.7
30.7

0
0
0
0
0
0

36,000
0.884
31,824
0.009
286.4
0
0
0
0
0
286.4
129.9
3,000
0.93
2,799
0.0699
195.6
1,500
0.56
846.375
0.0699
59.2
254.8
115.6

Fertilizer (lbs)
Fertilizer % P2O5
Fertilizer P2O5 (lbs)
Fertilizer P (lbs)
Fertilizer P (kg)

Collected Mass (tons)
[P2O5]/ton
[P]/ton
Total Manure P (lbs)
Total Manure P (kg)
Total Imported P (lbs)
Total Imported P (kg)

Commercial Fertilizer
380
0
2,774.2
0.46
0
0.46
174.8
0
1,276.1
76.3
0
556.9
34.6
0
252.6

1,152.8
0.46
530.3
231.4
105.0

0
0
0
0
0

0
0
0
0
0

Manure
0
0
0
0
0

718.8
326.1

243.2
110.3

257.4
128.6
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0
0
0
0
0

0
0
0
0
0

40.0
92.6
40.4
1,616.4
733.20

722.5
339.6

2,157.7
978.7

Raw Data for NMB Exports
Farms
Basic
F2

F1
Total Exported Hay (lbs)
Hay DM %
Hay DM (lbs)
Hay P (% DM)
Hay P (lbs)
Hay P (kg)

80,000
0.858
68,640
0.0031
212.8
96.5

Complex
F4
F5

6,000
0.87
5,220
0.0028
14.6
6.6

F3
Hay
0
0.838
0
0.0019
0
0

40,000
0.75
30,000
0.0022
66.0
29.9

0
0.834
0
0.0031
0
0

Livestock
16
625
283
1,665.3
1.7
58.6
26.6

16
625
283
1,665.3
1.7
58.6
26.6

25
550
249
1,424.3
1.4
78.5
35.6

124.6
56.5

78.5
35.6

Head
AVG Weight (lbs)
AVG Weight (kg)
g P/calf
kg P/calf
Total Livestock P (lbs)
Total Livestock P (kg)

39
550
249
1,424.3
1.4
122.6
55.6

20
550
249
1,424.3
1.4
62.8
28.5

Total Exported P (lbs)
Total Exported P (kg)

335.4
152.1

77.4
35.1
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58.6
26.6

Raw Data for Collected Manure P
Farms

Collected Mass (tons)
Collected Mass (Mt)
P2O5/ton
P/ton
kg/ Mt
Total Manure [P] (lbs)
Total Manure [P] (kg)

F1
250.0
226.8
5.21
2.27
1.14
567.9
257.6

Basic
F2
72.0
65.3
5.37
2.34
1.17
168.7
76.5

83

F3
138.0
125.2
5.06
2.21
1.10
304.7
138.2

Complex
F4
F5
142.0
136.0
128.8
123.4
5.89
19.44
2.57
8.48
1.29
4.24
365.0
1,153.8
165.6
523.3

Raw Data for Calculating Average Hay Production
Farms

Hay Production Acres
Weighted Average Production
Total Hay Production (tons)
Total Hay Production (lbs)
Hay % DM
Hay % P
Total Removal P
Removal lbs P/ acre
Removal kg P/ ha

F1
33.9
2.3
78.3
156,618
0.858
0.0031
416.6
12.3
13.8

Basic
F2
32.3
2.5
80.3
160,592
0.87
0.0028
391.2
12.1
13.6

84

F3
9.3
2.5
23.3
46,500
0.838
0.0019
74.0
8.0
8.9

Complex
F4
F5
36.3
11.4
2.6
2.0
94.6
23.1
189,210
46,112
0.75
0.834
0.0022
0.0031
312.2
119.2
8.6
10.5
9.6
11.7

Appendix K: Equations and Conversions
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1. Weighted Average for calculating average hay crop removal
(Field Arean )(Yieldn )
(Field Area1 )(Yield1 ) (Field Area2 )(Yield2 )
+
+ ⋯+
Total Area
Total Area
Total Area

2. Percent difference for imported net P and manure collected P
(Measured Manure P − Net P)
∗ 100
Net P

3. Percent difference for book value manure P and analyzed value manure P
ManureAnalysis P − ManureBook Value P
∗ 100
ManureBook Value P

4. P205 to P
1 pound P2O5 = 0.4364 pounds P

5. Pounds to Kilograms
1 pound = 0.4536 kilograms

6. Acres to Hectares
1 acre = 0.4047 hectares

7. Tons to Metric Tons
1 ton = 0.9072 metric tons
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Appendix L: Raw Data for Book Value and Analysis Comparison

87

Raw Data for Manure Book Value and Analysis of Phosphorus Comparison
Estimated Manure P
Test Manure P
lbs.
kg
kg P/
lbs.
kg
kg P/ Mt
P2O5/ton
P2O5/Mt
Mt
P2O5/ton
P2O5/Mt
F1
3.50
1.75
0.77
5.06
2.53
1.11
F2
3.30
1.65
0.73
5.37
2.69
1.18
F3
3.30
1.65
0.73
5.21
2.61
1.15
F4
3.40
1.70
0.75
6.03
3.02
1.33
F5
3.30
1.65
0.73
5.55
2.78
1.22
F6
3.40
1.70
0.75
5.82
2.91
1.28
F7
3.30
1.65
0.73
7.29
3.65
1.60
F8
3.30
1.65
0.73
8.63
4.32
1.90
F9
3.40
1.70
0.75
9.38
4.69
2.06
F10
3.30
1.65
0.73
6.01
3.01
1.32
F11
3.60
1.80
0.79
5.89
2.95
1.30
F12
4.20
2.10
0.92
19.44
9.72
4.28
F13
3.20
1.60
0.70
16.61
8.31
3.65
F14
3.00
1.50
0.66
4.81
2.41
1.06
F15
4.50
2.25
0.99
6.57
3.29
1.45
F16
3.90
1.95
0.86
7.67
3.84
1.69
MEAN
3.49
1.75
0.77
7.83
3.92
1.72
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%
Difference
44.6
62.7
57.9
77.4
68.2
71.2
120.9
161.5
175.9
82.1
63.6
362.9
419.1
60.3
46.0
96.7
123.18

Appendix M: WV Hay Equivalency AU/ha
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WV statistics from 215 indicate an average hay yield 1.75 tons per acre with the majority of hay
harvested in June. Based on this data, 66% of hay is removed and the resulting 34% of growth
yields a total average land production of 2.65 tons/acre/year.
Based on animal needs of 2% dry matter/day on a body weight basis, for a 1,200-pound cow, it
requires 28 lbs/hay/day or 5.1 tons of hay equivalency/year. Based on 2.65 tons of
production/acre, density should be 0.52 AU/acre or

1.75 / 0.66 = 2.65 tons/acre/year
0.02 * 1,200 = 24 lbs. DM/Day
24 / 0.85 = 28 lbs. hay/day
28 * 365 / 2000 = 5.11 tons hay/year
2.65 / 5.11 = 0.52 AU/acre
0.52 / 0.4047 = 1.28 AU/ha
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Appendix N: Theoretical Phosphorus Capture and Field Nutrient Balance
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Differences in Net Phosphorus and Collected Manure Phosphorus
Basic
Complex
Characteristics
F1
F2
F3
F4
F5
Net Phosphorus (kg P)
174.0 75.2
102.0
283.0
943.1
Spreadable ha
12.7
13.1
3.8
14.9
4.6
Theoretical Application (kg P/ ha) 13.7
5.7
26.8
19.0
205.0
Manure P (kg P/Mt)
Collected Manure (Mt)
Total Manure P (kg P)
Actual Application (kg P/ ha)
% Difference

Mean
315.4
13.7
54.1

1.14
226.8
257.6
20.3

1.17
65.3
76.5
5.9

1.10
125.2
138.2
7.4

1.29
128.8
165.6
11.1

4.24
123.4
523.3
113.8

1.79
133.9
232.2
37.5

48.0

1.8

35.6

-41.5

-44.5

28.7

Field Nutrient Balance on an Annual Basis
Basic
Complex
Mean
F1
F2
F3
F4
F5
-----------------------------kg P/ ha----------------------------Applied Manure
20.3
5.9
7.4
11.1
113.8
31.7
Crop Removed (annually)
9.1
9.0
5.9
6.4
11.7
8.4
Field Nutrient Balance
11.2
-3.1
1.5
4.7
102.0
23.3
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